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Keyed Microkeratome Cutting Blade Assembly 

Background of the Invention 

1, Held of the InvenVon: 

The present invention relates to cutting blade assemblies and 
specifically, cutting blade assemblies for use in a microkenatome for use' In 
ophthalmic surgery. 

2r Description of the Related Art 

Laser-Assisted In-situ Keratomileusis or LA&IK surgery has beconne 
a widespread and effective eye confection surgical pTooedure in the last several 
years. Before a laser ablates a portion of a patient's corneal tissue to correct that 
parent's vision, a flap of the patient's cornea must be fomied. 

A typical cornea, on average, is about 620 microns thick. A typical 
flap ihldcness for the corneal flap, that is formed prior to laser ablation and LASIK 
surgery, is desired to be on the order of 160 to 200 microns. As Is well known, 
these corneal flaps are made using mtcrokeratomes that travel in a linear* arcuate, 
or even in a horizontally hinged path. A microkeratome typically cuts the corneal 
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flap using a cutting blade assembly made wifli standard razor blade stock 
available from any of numerous razor blade manufacturers, it is also typical that 
the cutting blade is oscillated to aid in the cutting, while the cutting blade is 
translated across the cornea to form a corneal flap. 

A rather accurate measurement of the corneal thickness prior to 
LAS IK surgery is obtainable through any number of known measurement 
methods, such as the use of an ORBSCAN*^ Topography System available from 
Bausch & Lomb Incorporated. After the corneal thickness measurement has been 
obtained, depending on the surgeon's preference and the amount of connection 
needed, a flap thickness determfnaflon is ttien chosen by the surgeon. 

Typically, in the prior art, eadi microkeratome comes with a variety 
of cutting heads, which are precisely manuliactured to obtain different flap 
thicknesses, such as 160 microns, 180 microns, and 200 micron cuts. Again, in 
the prior art, a single cutting blade assembly has been used with these different 
precision cutting heads to obtain the different flap thicknesses. 

One variation to this is fl-om Med-Loglcs, Inc. Med-Loglos cun^ently 
manufactures IJ\SIK blades, which consist of a piano or nominal length blade and 
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a plus and a minus blade, wherein the blade extensions vary from the piano 
extension either plus or minus 20 microns. Acconling to Med-l-ogics, this then 
allows the doctor to produce a flap of thinner or thicker thickness from the piano 
blade using a given cutting head. 

A problem with all prior art microkaratome cutting blade assemblies 
has bean the consistency of the blade extension of the cutting head of the cutting 
blade assembly. The bl&de extensbn Is defined as the distance from the cutting 
tip of the blade to the nearest point of the blade holder. A mterokeratonrte cutting 
head is practeeiy machined to applanate the cornea a given amount and to hold 
the blade holder within fairly tight tolerances. However to this point the blade 
extension has not been held to a tight enough tolerance to give a consistent flap 
thickness cut. TTie critical'ity of the blade ^nsion consistency has only recently 
become understood. However, it has always been a goal to provide a consistent 
and predictable flap thickness with a given cutting blade in a given microkeratome 
cutting head. 

The consistency of the tlap thickness cut Is crucial for several 
reasons. The reasons include that the laser ablation algorithm is based on the 
patient's need for con^on and the amount of stromal bed left to be ablated after 
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ihe flap has been created. This is critical to achieving an acceptable outcome for 
the patient. If too much corneal bed is ablated and not enough corneal bed 
thickness is left, the patient's intraocular pressure could cause serious change to 
the cornea. Conversely, if the corneal flap is too thin the flap could easily tear or it 
could be (UfficuK to adequatety correct the patlenf s vision without complications 
such as halos. 

While it is easy to obtain a corneal thickness measurement before 
LASIK surgery, it has proven ^ctremely difficult to measure corneal thickness of an 
eye with a corneal flap laM back over, and it is equally difficult to obtain a reliable 
corneal flap thickness measurement due to changes in hydration of the comeal 
flap and the cornea which occur quite rapidly under the surgical lights of an 
operating room. 

If the cornea) flap is thinner or thicker then desired by the surgeon 
and a patient's cornea is on the thin side to begin with, then serious compfications 
could result from a flap that Is thicker than desired. Therefore, it is desirable to 
provide a microkeratome cutting blade assembly having a tightly controlled Made 
extension and to provide an easily accomplished method of producing such a fight 
blade extensksn. It is also desirable to provide microkeratome cutting blade 
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assemblies with blade extensions that are coordinated with the cutting head to 
provide the most constetent, stable, and accurate flap cuts while minimizing any 
damage to the flap, such as epithelial dam^e. 

Typically, razor blade stock used to form the cutting blade of the 
cutting blade assembly has a different bevel on either side of the cutting blade. 
This could potentially affect the consistency of the flap cut, and therefore, it would 
be desirable to have the cutting blade keyed so that during manufacturing the 
cutting blade with a given b&vel may be formed from one cutting l>lade assemUy 
to the next Such keying would also aid in precisely focating the lilade relative to 
ttie blade holder during manufacturing. 

It would also be desirable to provkle the cutting blade assemblies 
with Identifying indicia on Ihe cutting Uade assembly itself^ so ttiat a user may 
determine the type of cutting blade assembly and its blade extension fiom the 
blade assembly itself, rather packaging. 



5 



PAGE 12136'RCVDAT 11/23/2005 9:14:02 AM [Eastern Standardriine]'SVR:USPTO{^^^^^ 



NOV-23-2005 09:21AM F ROM-LAW DE PARENT 

WO 2004/060222 



+585-338-8706 T-500 P. 01 3/036 F-063 

PCT/US2003y039280 



Brief Description of the Drawings 

FIO. 1 is a side vtew of a cutting blade assembly in accordanoe with 
the present invention; 

FI6. 2 is a bottom view of FIG. 1 ; 

FIG. 3 is a bottom view of an attemate embodiment of a cutting blade 
assembly in accordance with the present invention; 

FIG. 4 is a perspectrve view of yet another alternate embodiment of a 
cutting blade assembly In accordance with the present invention; 

FiG. 5 is a bottom view of yet another altemate embodiment of a 
cutting blade assembly in accordance with the present invention; 

FIG. 6 is a perspective view of a portion of a blade assembly fixture 
in accordanoe with the present invention; 

FIG. 7 is a cut away partial view of the fixture of FIG. 6; 
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FIG. 8 is a partial cut away perspective view of the fixture of FIG. 6; 

FIG. 9 is a perspective view of an alternate embodiment of a fixture 
for manufacturing cutting blade assemblies in accordance with the present 
invention; and 

FIG. 10 is a schematio view showing the critical tolerances of a blade 
extension relative to a cutting head in accordance with the present invention. 

Detailed DesGriptlon of the Drawings 

FIG. 1 shows a microkeratome cutting blade assembly 10 In 
accordance with the present invention. Assembly 10 includes a cutting Wade 12 
and a blade holder 14 attached to the cutting blade 12. Preferably, blade holder 
14 is attached to cutting blade 1 2 through an aperture or through-hole in cutting 
blade 12 (not shown) via post member 16 through a commonly known procedure 
such as heat staking. However, other means of attachment, such as coM staking, 
the use of adhesrves» or other means are also possitMe. In addition, the aperture 
does not need to be a through-hole but rather could be mating indentattons and 
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raised portions in the blade holder and blade, as is known. The difference 
betv\;een as&embly 10 and prior art assemblies, is that a blade e)dension 
represented by number 18 is controlled to within at least sb< (6) ten - thousandths 
of an Inch of a target extension length for assisting and providing a consistent, 
predictable comeakflap thickness. Such tight tolerances and blade extensions 
have been unknown heretofore. For instance, prior art blade assemblies for the 
Hansatome"^ Microkeratome, available from Bausch & Lomb Incorporated, have 
had blade extensions that varied four (4) thousandths of an inch. It is also 
preferable that some indicia, such as shown at 13, be placed on the assembly 1 0. 
The indfoia may be a number, such as the "160" shown at 13 to indicate a depth of 
cut or flap thickness. The indkda could also include a color coding scheme, where 
the blade or blade holder Is a particular color for a particular blade extensfon. The 
blade or blade holder could also contain other makings or indicia to distinguish 
between blade assemblies with different blade extenstons. This use of identifying 
indicia can be particularly helpful to a surgeon to help ensure that the comect flap 
cut is made, because the only difference t>etween blade assemblies will be the 
blade extension 18 length which will be d'rffioult for the naked eye to discern. 
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fig: 2 is a bottom view of the assembly 10 of FIG. 1. The blade 12 
is placed over post 1 6 of holder 14 as shown. The view of FIG. 2 Is prior to the 
heat staking, and in this way notdies 20 are easily seen. The purpose of notches 
20 are to allow the material of post 16 upon heat staking to flow into the notches 
20 and therefore, ensure a solid attachment of the blade 12 to ttie blade hokler 14. 
Preferably, blade holder 14 is made of LubSoy^ and is molded or machined. 
Lubiioy"^ is a polycartjonate material, which is preferred for blade hokler 14, 
though any known suitable material is acceptable for blade holder 14, such as 
Oelrin''^. As prevtously discussed, cutting blade 12 is preferably formed from 
razor blade stock widely avalt^le from a number of manufacturers. It is noted that 
there are a different number of notches 20 in the right-hand and left-hand 
apertures for recehring post 1 6. The purpose for a diffierent number of notches is 
to key the cutting blade to aid in ensuring that the fontfaitl cutting edge 22 is 
oriented relative to the blade holder 14 consistently during manufacturing. 

By keying the blade 12, it makes it easy for a wortcer during 
manufacture to orient the blade in the proper direction so that the bevel of cutting 
edge 22 is oriented consistently. This may be of particular importance because 
cutting edge 22 may have diffiBrent bevels on the topside 24 (see FIG, 1) than on 
the bottom side 26 of cutting blade 12, This difference In bevels of the fonward 

9 



PAGE 16136 ' RCVD AT 1 112312005 9: 14:02 AM [Eastern Standard Time] * SVR:USPTO-EFXRP-6/29 ' DNiS:2738300 ' CSIO:t585 338 8706 * DURATION (inin'SS}:06-12 



NOV-23-2005 09:22AM 



FROIiMAtf DEPARTMENT 
WO 2004/060222 



+585-338-8708 



T-500 P. 01 7/036 F-063 
PCTAJS2003/039280 



cutting edge 22 may potentially cause a difiarence in flap thickness if the 
orientation of cutting blade 1 2 were to be flipped. As will be discussed in detail 
beloWt it is Important that back datum surface 28 be straight and parallel to cutting 
tip 30. 

The keying of the blade assembly may be accomplished in many 
ways. An alternate embodiment of a cutting blade in accordance with the present 
invention is shown in FIG. 3 mth one oblong post member 32 to attach to a blade 
34. The blade 34 may be keyed in at least tuvo manners. The first key is that EDIUI 
(Eiectro-depositon machining) slot 36 is formed on only one (1 ) side of blade 34. 
AKemativeiy, a number or letter insignia such as shown at 38 may be imprinted on 
one sufface of blade 34. in this way blade 34 may be attached to blade holder 40 
in a consistent manner to ensure that the bevel angles are always oriented 
consistently. 

FIG* 4 shows yet another alternative embodiment of a 
mfcrokeratome cutting blade assembly in accordance with the present invention. 
A blade 42 is connected to a blade holder 44 via post 46 preferably by heat 
staking as described above. FIG. 4 also shows an insertion tool hole 48, such as 
known in the prior art and described in U.S. Patent 6,051 ,009 to Hellenkamp, et ai. 
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Blade 42 has a back datum surface 50 and blade 42 is keyed by radius 52 being 
offset along back suriiace 50. 

FIG. 5 shows yet another altematlve of an embodiment of a 
microkercrtome cutting Made assembly in accordance with the present invention. 
A blade 54 is attached to a blade holder 56 via post 58, and blade 54 is keyed via 
the notch 56 fomned on one side of the blade 54. Obviously, notch 56 could be 
formed on blade 54 at any location not along cutting surface 60. that would make 
. blade 54 asymmetrte. The cutb'ng blades of FIG. 1 and FIG. 3 are preferred 
because the cutting blades of FIG. 4 and FIG. 5 would require additional prep work 
to ensure that no burring or other deformities occur along the back datum edges 
50 and 62. It Is preferred that at least one aperture is formed in blade 12, such 
that no part of the aperture is fbrnoed in the back datum surface 28. The back 
datum edges 50 and 62 would require additional work as compared to assemblies 
shown in FIG. 1 and FIG. 3, because the EDM slots or the radius 52 fbnned in 
back datum surface 50 could potentially cause burring or ottier deformities, and it 
is essential that the back datum surface be straight during the manufacturing 
process as will be made clear below. Another reason for keyirig the blade Is that 
in certain applications it may be desirable to have a fixture that mates with the 
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staking fixture of the blade, such ttiat the blade is always in a known locatbn 
during manufacturing. 

FIGs, 6 - B sliow the use of a pretenned fixture 64 for use in 
manufacturing microkeratome cutting blade assenobly 10 of fte present invention. 
Fbcture 64 preferably includes a front datum surface 66 and a back datum surface 
68. Initially blade holder 14 is placed within slot 70» such that post 16 is facing 
upward, as shown. Next, the woricer places cutting blade 12 over post 16, as 
shown. As will be described in ftiriher detail, the object of fixture 64 Is to hold back 
datum surfiace 28 against fixture datum 68. whOe surfiace 72 of blade holder 14 is 
held snugly against front datum surface 66 of fixture 64. Therefore, It Is important 
that back datum surface 28 be free from any bumng or other blemishes to ensure 
that blade 12 is flush against datum surfiace 68. White the blade 12 and blade 
hoMer 14 are held in this posifion, heat staking is perfbnmed on post 16 to attach 
blade holder 14 to blade 12 in an operation not shown. In this way. blade 
tolerances in a blade assembly 10 heretofore unknown are accomplished. It is 
believed that blade extension 18 tolerances can be heM to within six (6) ter>- 
thousandths of an inch. This is compared to the prior art tolerances of four (4) 
thousandths of an inch. 
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Blade holder 14 and cutting blade 12 are inserted into fixturing 
device 64 such that cuitir^ blade 12 is adjacent to blade holder 14, wherein 
mating surfaces on each of the blade holder 14 and blade 12 abut each other. 
Actuator 74 is caused to move towards back datum surface 68. this pushes the 
blade holder and via the post 16, the cutting blade 12 and back datum surface 28 
is caused to be snugly held against fixture datum surface 68p then clamp posts 76 
grasp cutb'ng blade 12 so that cutting blade datum surface 28 abuts fixture datum 
surface 68 of fixturing device 64 so that the cutting blade is in a known locatton. 

Actuator 74 is then released and actuator 78 and roller 80 are 
caused to move, such that blade holder 14 moves until it abuts snugly against 
cutting blade top surface 24 and surface 72 snugly fits against fixture datum 
surbce 66, As can be seen in FIG. 7, actuator 78 pivots about pivot point 82. 
VJMe blade holder 14 is held in this position against datum surlace 66 and cutting 
blade surface 24, preferably heat staking is performed on post 16 to penmanentty 
attach blade holder 14 to cutting blade 12 to fomn microkeratome cutting blade 
assembly 10. This heat staking operation is not shown, but is done in a 
conventional manner. 
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It IS preferrad that a number of cutting blade assembly fixtures 64 are 
attached to a carousel-type device (not shown) so that various operations may be 
going on at difference points along the carousel while a worker is loading blade 
holders 14 and cutting blades 12, and removing finished cutting blade assemblies 
10 from fixtures 04. 

To prevent inopportune loading of a l>lade holder 14 arKi cutting 
blade 12 into the fixture 64. it Is preferred that actuator 74 Is biased to lie within 
slot 70 to prevent blade holder 14 from being inserted Into fixture 64 except for 
when fixture 64 is othenvise ready to receive a new blade holder 14 into slot 70. 

FIG. 9 shows an altemath/e cutting blade assembly fixture 100 which 
can be used to make blade assemblies having different blade extension lengths 
quite easHy as compared to the fixture described above at FIOs. 6, 7, and B. The 
fixture 64 of FIGs. 6, 7, and 8 in order to produce blade extensions of different 
lengths, a new datum surface 66 or 68 of different orientation would be required. 
Whereas instead of the hardware change required of fixture 64 to produce a 
different blade extension length, a simple software instruction (controls not 
shown)could be made to fixture 100. Two' closed-loop actuators 102 and 104 
provide alignment of the blade 106 to the blade holder 108 during an assembly 
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process. Actuator 1 04 controls the blade extension and actuator 102 controls 
parallelism of the blade holder to the Iront cutting edge of blade 1 06. The location 
of the blade holder 108 is a known distance Irom the optical emitters and receivers 
110. Emitters / receivers 1 1 0 feed infbmnation for blade extension and parallensm 
and must have variable measurement capabflity to t>e able to accommodate 
assembly requirements for diflerent blade extensions. An altemative would be 
change the location relationship of the blade holder to the emitters / receivers 1 10 
for each desired plate extension, similar to the need for changing datum surfaces 
66 and 68 referenced above. 

Preferably optical emitters / receivers 1 10 are attached to mount 112 
which is consequently attached to base 114. 

Blade holder carriage 116, holds blade parallel actuator 102 and 
blade parallel mechanisnri 1 18 for ensuring that a front edge of the blade holder Is 
parallel to the cutting edge of the blade 106. Upon receh^ing measurement 
information, actuator 102 causes mechanism 1 18 to pivot about pivot point 120 
until the distance from the blade holder to the cutting edge is the same in lx)th the 
emitters J receivers 1 1 0. Actuator 1 02 is operably connected to mechanism 118 
via linkage 122. Once the blade holder 108 and blade 106 are parallel, actuator 
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1 04 causes blade holder carriage 1 16 to move until the blade extension 
measurement from emitters / receivers 1 10 is at the desired extension length. 
Preferably blade holder carriage 116 slidably moves within precision guide 1 17. 
Once blade 106 is parallel to blade holder 108, gripping mechanism 123 grabs the 
blade to hold it in place relative to the blade holder 106. 

Once the proper blade extension has been achieved then blade 
staking may be accomplished by tool 124 or by other means such heat staking. It 
is also possible that, in addition to staking, the blade holder to the blade, tod 124 
may be used to coin a blade extension indicia onto the completed blade assembly. 

It has come to be appreciated that In relation to a cutting head 90, a 
portton of which Is shomi in FIG. 10, there is a precision zone which defines an 
area in which the most reliable and consistent flap thickness cuts may be achieved 
with a cutting blade. This precision zone is shown in FIG. 10 as being defined by 
line O-l on one extreme and O-B on the other extreme. A typical microkeratome 
cutting head 90 has a radius R which is at. the traOing end of an applanation area 
92. Th&re are shown three (3) blade posittons within the precision zone defined by 
the first blade position defined by line B-C. the second blade position defined by 
line E-F, and the third blade position defined by line l-J. The thinnest flap position 
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is at the position defined by blade surface B-C which is also the shortest blade 
extension position. It has been determined that the most advantageous and 
reliable and accurate blade cuts will be made at this tx3undary defined hy line O-B, 
at a point where line O-B is perpendicular to a blade surface B-C. Any blade 
shorter then this configuration may result in a flap being cut in an unstable region 
due to the rapid expansion of the cutting distance caused by radius R. As a blade 
extension is increased, the cut thickness also increases to a maximum poirrt of 
reliability and accurately, defined by line 0-[. As the cut distance increases with 
blade extension, the flap translates through a smaDer section slightly compressing 
the flap, if the blade extends beyond the tangent point of the radius defined by 
line O-l. the compression may be too great and there is significant risk of 
damaging the epithelial layer of a corneal flap. The present invention also consists 
of a head and blade coordinated design which keeps the blade extension and 
range of flap thickness between the minimum radial gap defined by line O-B and 
maximum extension defined by a vertical position to the tangent point O-l. 

In this way* a plurality of cutting blade assemblies can be fomned 
such that a variety of blade extension lengths are formed and coordinated to be 
used with a single mccrokeratome cutting head 90. A variety of corneal flap 
thicknesses may be formed with the single microkeratome cutting head 90 when 
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the assemblies are placed in the cutting head 90 and ihe blade assembt/s cutting 
edge Is within a precision zone relative to the cutting head 90 for minlmldng 
corneal flap compression and maximizing a consistency of flap thickness. 
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We Claim: 

1 . A microkerafome cutting blade assembly comprising: 

a cutting blade having a top surface and a bottom surface and Including a 
first bevel associated with the top surfiaoe and a second bevel 
associated with the bottom surface, such that together the first and 
second bevels fbmn a forward cutSng edge of the blade; 

a blade holder attached to the cutting blade; and 

wherein the cutting blade is Iceyed to aid in ensuring that the fonvard cutting 
edge is oriented relative to the blade holder consistently during 
manufacturing. 

2. The cutting blade assembly of claim 1 , wherein a blade extension ie 
controlled to within at least sbc (6) ten-thousandths of an inch of a target 
extension length for assisting in providing a consistenti predictable comeal- 
flap thickness. 

3. The cutting blade assembly of claim 1 , wherein the blade holder is molded 
from a polycarbonate materia]. 
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4. The cutting blade assembly of claim 3. wherein the blade holder is attached 
to &ie cutting blade by heat staking. 

5« The cutting blade assembly of claim 1 , wherein the I^y rndudes a notch in 
the cutting blade. 

6. The cutting blade assembly of claim 1 . wherein the key Includes an 
aperture formed in the cutting blade. 

7. The cutting blade assembly of claim 1 , wherein the key includes indtda on 
the cutting blade. 

8. The cutting blade assembly of ctaim 1 . wherein the key includes structure 
causing the cutting blade to be asymmetric. 

9. A microkeratome cutting blade assembly comprising: 

a cutting blade having a top surface and a botlDm surbce; 
a blade holder attached to the cutting blade; and 

wherein the cutting blade is keyed to aid in ensuring that the cutting blade 
top surface abuts the blade holder during manufacturing. 
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1 0. The cutting blada assembly of claim 9. wherern a blade extension is 
corttrolled to within at least six (6} ten-thousandths of an inch of a target 
extension length for assisting in providing a consistent, predictable comeal- 
flap thickness. 



1 1 . The cutting blade assembly of claim 9, wherein the blade holder is molded 
from a polycarbonate material. 

12. The cutHng blade assembly of claim 1 1 , wherein the blade holder Is 
attached to the cutting blade by heat staking* 

13. The cutting blade assembly of claim 9» wherein the key includes a notch in 
the cutting blade. 

14. The cutting blade assembly of claim 9, wherein the key indudes an 
aperture formed in the cutUng blade« 

1 5. The cutting blade assembly of datm 9, wherein the key includes Indicia on 
the cutting blade. 

16. The cutting blade assembly of claim 9, wherein the key indudes structure 
causing the cutting blade to be asymmetric. 
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